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摘要 
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摘要 
近年来由于石油资源的日益匮乏，利用煤、天然气、页岩气和生物质等非石
油碳资源转化为液体燃料和化学品的研究备受关注，其中费托（FT）合成是各
类碳资源经由合成气间接转化的关键步骤。虽然 FT 合成历史悠久，但是特定馏
分产物选择性的有效调控仍存在挑战。本论文基于双功能催化剂设计的思路，以
发展高性能一步法催化剂为目标，通过添加助剂研究 Co/Na-meso-Y 催化剂上 FT
合成催化性能，并考察氢解反应对反应产物选择性的调控规律。 
本论文首先考察了在 Co/Na-meso-Y 催化剂中分别添加不同金属助剂后的性
能，结果表明，Mn 助剂可抑制 CH4 和轻质烃的生成，提高柴油馏分（C10-20 烃）
的选择性。在 Mn/Co 比为 0.21 的催化剂上（15Co-3Mn/Na-meso-Y）显示出较高
的催化性能，CO 转化为 33%，C5+和 C10-20 烃的选择性分别为 91%和 65%。该催
化剂同时显示出良好的稳定性，经 1000 h 反应后，催化性能保持不变。而 Mn/Co
比增加，则甲烷选择性上升，C5+和 C10-20 烃选择性均降低。论文考察了不同 Mn
含量的 Co/Na-meso-Y 催化剂上的氢解反应，发现 Mn/Co 比在一定范围内时，氢
解反应性能下降，且氢解产物甲烷选择性较低。我们推测，合适的 Mn/Co 比上
温和的氢解反应可能是提高柴油馏分选择性、降低甲烷选择性的关键。 
催化剂表征结果表明，随着 Mn/Co 比的增加，Co-Mn/Na-meso-Y 催化剂上
Co 的还原度逐渐降低，同时抑制了催化剂上的 H2 化学吸附量，Co 的分散度也
逐渐下降。我们推测，Co 和 Mn 发生相互作用，因此抑制了 Co 物种的还原。这
可能是 Co-Mn/Na-meso-Y 催化剂上正十六烷氢解反应活性降低的主要原因。在
高的 Mn/Co 比时（> 0.21），Co 的还原度低于 60%，过低的 Co 还原度则导致 FT
合成碳链增长能力下降，因此导致 FT 合成产物中甲烷选择性上升。 
 
关键词：费托合成；Co 催化剂；Mn 助剂；氢解反应
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II 
 
Abstract 
Due to the depletion of petroleum resources, the development of catalytic 
processes for the transformation of nonpetroleum carbons feedstocks such as coal, 
natural (also shale gas), and biomass into clean liquid fuels and chemicals for energy 
production has attracted much attention.Fischer-Tropsch (FT) synthesis, that is, the 
synthesisof hydrocarbons by hydrogenation of CO, is a key processfor the conversion 
of versatile carbon feedstocks to fuelsvia syngas. AlthoughFTsynthesis has a long 
history, some key scientificchallenges still remain for fundamental research. One of 
themost important but difficult challengesis selectivity control. It is demonstrated that 
developingbifunctional catalyst could improve the selectivities of middle-fraction 
fuels in FT synthesis. Based on this strategy, we developedthe Co/Na-meso-Y 
catalysts and studied the effect of promoter on catalytic performance on FT synthesis, 
then investigated the influence of hydrogenolysis reaction over these catalysts, and 
further revealed the relationship between catalyst properties and catalytic 
performances of FT synthesis. 
We first studied the promoter effectson Co/Na-meso-Y catalysts. The results 
showed thatthe addition of Mn promoter could improve the selectivities toC10-20(diesel 
fuel) and C5+hydrocarbons by suppressing the formation of CH4and light 
hydrocarbons (C2-C4). Over theCo-Mn/Na-meso-Y catalyst with Mn/Co ratio of 
0.21,the CO conversion was 33%, and the selectivities to C5+ and C10-20 hydrocarbons 
were 91% and 65%, respectively. After 1000 h of reaction, the product selectivity 
remained almost unchanged. Moreover, the increase in theMn/Co ratio increased the 
selectivity to C10-C15 hydrocarbonsand decreased those to CH4 and C5-C9 
hydrocarbons for hydrogenolysis reaction of n-hexadecane. Thus, we speculate that 
the contribution of hydrogenolysis would improve the selectivities to diesel fuel by 
limited the selectivities of CH4 in FT synthesis over the catalyst with a proper Mn 
loading. 
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III 
 
Thereduction degree of Co species gradually decreased with anincrease in the 
ratio of Mn/Co. At the same time, theamounts of H2 chemisorption also gradually 
decreased. The dispersion of Co particlesevaluated from the H2 chemisorption also 
became lower in thecatalyst with a larger Mn/Co ratio. It is reasonable to 
speculatethat the interaction between Co and Mn species retarded the reduction of Co 
species. Finally, the activity for n-hexadecane hydrogenolysiswas suppressed.In theFT 
synthesis, The reduction of Co(Mn/Co> 0.21)which is less than 60%,leads to the 
decrease in carbon chain growth factor (α), and thusincreasesthe selectivity to CH4. 
 
Keywords:Fischer-Tropsch;synthesis;Cocatalyst;Mn promoter;Hydrogenolysis 
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